In order to study the relation between the 'rapid filling wave ' Mitral valve opening, shown as the initial separation of the valve cusps by echocardiography, preceded the '0' point of the apex cardiogram in all except 3 patients, the '0' point appeanng to correlate more closely with the time ofpeak rate ofoutward wall movement. A third heart sound was present in 29patients, and in 25 of these it occurred later than the peak rate of wall movement (mean interval 51 ms). The end of rapidfilling derivedfrom the dimension trace occurred in relation to the third heart sound after a mean interval of 9 ms, with a range from 50 ms before to 80 ms after the third sound. Peak rates of wall movement were similar in patients with and without third heart sounds.
diagnoses are given in Table 1 . The diagnosis was established by cardiac catheterization or surgery in all except the 4 normal subjects. A third heart sound was present in 29 and absent in the remainder. In order to examine the relation between changes in transverse ventricular diameter and ventriculographic area, used as an index of filling, ventriculograms of 16 of these patients, and of a further 21 patients were reviewed. The diagnoses of these 37 patients are also shown in Table 1 .
Non-invasive techniques Simultaneous apex cardiograms and echocardiograms ( Fig. 1 and 2 ) were recorded by two of the authors, with patients in the left oblique position. Echocardiograms were recorded with a Smith-Kline 20 ultrasonoscope and a Cambridge multichannel recorder, using a 2-25 MHz 1-25 cm probe. The probe was angled to record the echo from the anterior cusp of the mitral valve, and then directed to record echoes from both surfaces of the interventricular septum, the endocardial and epicardial surfaces of the posterior wall, and the mitral valve cusps. Apex cardiograms were recorded with a Cambridge Scientific Instruments transducer, with a time constant of 4 s and a lower frequency limit of 0-04 Hz, connected to the sensing head held at the point of maximum impulse. A simultaneous electrocardiogram was obtained, and all recordings were taken photographically at a paper speed of 100 mm/s.
Phonocardiograms were recorded from mitral and pulmonary areas with Cambridge microphones. An indirect carotid artery pulse was obtained with the Cambridge sensing device held over the right carotid artery.
Angiocardiography Angiocardiography was performed with the patient in either the posteroanterior or the right anterior oblique position. An injection of 40-50 ml of Triosil was made into the left ventricle at a flow rate of 25 ml/s and cine film exposed at 50 frames per s. Calibration was by means of a grid at mid-chest level.
Digitization
Echocardiograms and cineangiograms were digitized as previously described (Gibson and Brown, 1973) , tracing septal and posterior wall echoes or ventriculographic outlines on to a DMAC digitizing table linked to an IBM 1800 computer. The apex cardiogram was traced in a similar manner and continous rates of change of transverse ventricular diameter were derived by digital differentiation (Fig. 3) . At least 2 cardiac cycles were analysed in patients in sinus rhythm and 5 to 10 in those with atrial fibrillation. The onset of the QRS complex of the electrocardiogram was taken as zero time.
Analysis of records The 'O' point was identified on all apex cardiograms, followed by a 'rapid filling wave' which ended at the 'f' point in all except 3 patients with mitral stenosis. Echocardiograms showed the onset of mitral valve opening as the time of initial separation of the anterior and posterior leaflets of the mitral valve (Fig. 2) . The start of outward wall movement was taken as the time when the first derivative of echocardiographic dimension crossed the baseline from positive to negative at the end of systole. The time and rate of peak filling were also determined from the first derivative curve. In the patients with mitral stenosis, dimension changes were so slow and irregular that no peak values could be recognized. The 'end of rapid filling', though not a precise point, could usually be defined as a discontinuity on the first differential of the dimension curve towards middiastole (Fig. 3) Changes in the length of this diameter were plotted along with those in cavity area, and the timing of the onset of outward wall movement and peak filling rate were determined from the first differential of these measurements in a similar manner to those from echocardiograms (Fig. 6) .
Conventional 't' tests were used to examine differences between means.
Results
The time of mitral valve opening, measured from the echocardiogram as the time of separation of the two cusps, preceded the 'O' point of the apex cardiogram in all but 3 of the 57 patients (mean interval 50 ms, standard deviation 28 ms). The time of maximum separation of the mitral leaflets (the 'E' point of the mitral valve echo) also preceded the 'O' point by 14+26 ms. The 'O' point corresponded most closely in time to the peak rate of outward wall movement (mean interval 3±36ms). These results are given in detail in Table 2 .
The third heart sound followed the peak rate of outward wall movement in 25 of 29 cases, by a mean interval of 51+40 ms (Fig. 4) (Fig. 5) . Changes in transverse diameter of the left ventricle were compared with those in cavity area, both measurements being derived from digitized angiograms of the same beat (Table 3) . Superimposed tracings of these two measurements used as indices of left ventricular filling were similar in each of the 37 cases (Fig. 6) . Three points were identified on each tracing-the time of initial outward movement, the peak rate of outward movement, and the end of the rapid filling phase. Each of these points was usually registered earlier on the tracing of transverse diameter than on that in cavity area, the mean differences being 2 ± 31, 23±4 1, and 15 ± 33 ms, respectively. The latter two differences were significantly different from zero (P < 0 01 and P < 0 05, respectively). Discussion Some physiological events, being audible or visible, were recognized before their biological significance had been defined. The third sound is among these, having been described many years ago (Potain, 1900) . Its relation to pulsations of the chest wall has been appreciated since 1909 when Thayer wrote, 'it (the third sound) was often associated with a palpable and sometimes with a visible impulse, and this impulse was shown to be identical with the normal early diastolic elevation of the apex cardiogram' (Thayer, 1909 (Willems, De Geest, and Kesteloot 1971) , and that the height of the 'a' wave of the apex cardiogram is related to the left ventricular enddiastolic pressure (Willems, Kestleloot, and De Geest, 1972) . Similar studies in man have confirmed this relation (Bush et al., 1970 (Thayer, 1908) . Though the mitral subvalvar apparatus was once considered to play a fundamental role (Lewis and Dock, 1938) , the demonstration of a third sound after homograft mitral and tricuspid valve replacement (Marshall and Gibson 1969) has returned attention to the interplay of haemodynamic events and ventricular wall movement. The third sound is known to occur as a physiological event in normal persons and this has been attributed to rapid ventricular filling (Thayer, 1908) . Volume studies based on biplane angiograms, however, have not given unequivocal support to this idea, showing that low as well as high ventricular filling rates may be found in patients with a third heart sound (Porter et al., 1971) .
The digitized echocardiogram allows non-invasive and easily repeated measurements of ventricular dimension to be recorded continuously, but a major reservation is that only a single dimension is studied, not ventricular volume. This point is particularly important in patients with ischaemic heart disease or any other condition in which incoordinate contraction occurs. Previous studies from this laboratory have compared estimates of transverse dimension and its peak rate of change made by echocardiographic and angiographic methods in patients with coherent contraction, and have shown satisfactory agreement between the two (Gibson and Brown, 1975a) . In order to assess the reliability of changes in transverse diameter for timing events during filling, these were compared with changes in ventriculographic cavity area from the same beat. Changes in ventriculographic cavity area were studied because they show the timing of ventricular filling, without recourse to values of volume derived using idealizing geometrical assumptions. These studies show that there is some asynchrony between movement of the transverse diameter and filling of cavity as a whole. Outward movement of the transverse diameter usually occurs slightly ahead of the increase in ventricular area, consistent with the idea that the ventricle becomes more spherical as it enlarges in diastole (Gibson and Brown, 1975b) . The mean difference in timing between the features of these two curves, however, was from 2 to 23 ms, which can be compared with 20 ms, the interval between successive cine frames at a speed of 50 per second. Within these limits, therefore, the transverse diameter of the left ventricle may be taken as an index of filling. Similar correlation between transverse diameter and volume changes has been reported in dogs (Horwitz and Bishop, 1972) .
The 'O' point of the apex cardiogram was previously thought to coincide with mitral valve opening, since in many cases it corresponded with the opening snap in patients with mitral stenosis (Benchimol, Dimond, and Carson, 1961) . More recent studies, however, have shown that this relation is a variable one (Tavel et al., 1965; Willems et al., 1971) , and our observations confirm that the '0' point coincides neither with the initial nor with maximum opening of the mitral valve leaflets (Fig. 2) . In the present study, the 'O' point was almost always delayed with respect to mitral valve opening, even in patients with aortic regurgitation (Fig. 1) 
